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ABSTRACT

Concentrations of Ir have been measured in 87 sediment samples
from Ocean Drilling Program Site 1096 in search of evidence of fallout
from the impact of the Eltanin asteroid, which occurred at 2.15 Ma,
~1300 km northwest of the site. An additional six samples were mea-
sured from a unique sand layer and adjacent sediments that are dated at
~1.6 Ma. These 93 sediment samples are all silts and muds that were de-
posited on a continental rise drift of the Antarctic Peninsula. No evi-
dence of the Eltanin impact deposit was found in this study.

INTRODUCTION

One objective of the Ocean Drilling Program (ODP) Leg 178 expedi-
tion was to search for sediment deposits related to the late Pliocene im-
pact of the Eltanin asteroid. This is a unique deposit in the known
sedimentary record. It is the only known deposit recording the events
surrounding the impact of a kilometer-sized asteroid into a deep (5§ km)
ocean basin. The exact point of impact is unknown, but it is believed to
have occurred in the Bellingshausen Sea in a region ~1000 km west of
Cape Horn (58°S, 90°W). Details of the study of this impact are found in
a series of five papers (Kyte et al., 1981, 1988; Kyte and Brownlee, 1985;
Margolis et al., 1991; Gersonde et al., 1997). The impact ejecta deposits
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near ground zero contain millimeter- to centimeter-sized debris com-
posed of Ir-rich impact melt and unmelted meteorites. About 500 km
east of the impact region, at USNS Eltanin site E10-2, debris as large as
~1 mm was recovered (Kyte et al., 1988). These deposits provide a natu-
ral laboratory for studying processes related to the formation and pres-
ervation of Ir-rich meteoritic ejecta. The current estimate of the size of
the projectile (Gersonde et al., 1997), from 1 to 4 km in diameter, is well
within the range of asteroid sizes proposed to have global consequences
(Chapman and Morrison, 1994). This impact must have generated large
tsunamis throughout much of the Pacific basin and around much of
the Southern Ocean.

Finding and characterizing the ejecta deposits at new sites would be
an important next step in understanding the magnitude of this impact
event. Nearly all of the data on this impact are restricted to five piston
cores, all within a radius of ~70 km (Gersonde et al., 1997) and quite
near the suspected impact site. New data at sites with greater distances
from the impact would provide better constraints on the size, and thus
the energy, of the impact event. ODP Leg 178 researchers drilled shelf
and rise sediments along the western side of the Antarctic Peninsula in
an area ~1300 km southeast of the Eltanin impact area and thus had the
potential to recover deposits from this impact. In this paper, results of
the attempt to find evidence of this deposit are described.

SAMPLE SELECTION

During the Leg 178 cruise, shipboard scientists actively searched for
evidence of the impact of the Eltanin asteroid. This was primarily
through an attempt to note unusual sediment deposits in cores from
continental rise deposits, particularly in sediments of late Pliocene
through early Pleistocene age. Gersonde et al. (1997) dated the impact
at 2.15 Ma, just prior to the Reunion Event (Chron C2r.1n), or just be-
fore oxygen isotope Stage 82.

The only particularly unusual sediment deposit recovered at the rise
sites was a massive, well-sorted sand bed that occurred at 112 meters be-
Iow seafloor (mbsf) in Hole 1096B (Shipboard Scientific Party, 1999a).
This bed was unusual in that it was unique within a partly turbiditic
section of silts and muds. It was speculated that this might be from a
massive flow triggered by a tsunami, possibly an impact event. Unfortu-
nately, the 1.6-Ma age of this unit precluded the possibility that it
might be related to the Eltanin impact event.

The only rise site at which the Reunion Event was tentatively identi-
fied was Site 1101 (Shipboard Scientific Party, 1999b), where it occurred
at the base of lithostratigraphic Unit II at 142.7 mbsf. Unfortunately,
the base of Unit II was defined by the last of a number of foraminifer-
bearing interglacial deposits and this particular layer was well calcified.
During coring, 4 m of flow-in occurred below this layer and no sedi-
ments were recovered just below the Reunion Event.

During postcruise analysis of the record at Site 1096 (Shipboard Sci-
entific Party, 1999a), the author noted a short magnetic reversal to nor-
mal polarity near the base of lithostratigraphic Unit II. At Site 1096,
Unit II was similar to that at Site 1101 and its base was defined as the
last foraminifer-bearing interglacial bed. The short reversal near the
base of Unit II had not been interpreted by the Shipboard Scientific
Party, but it appears to be a well-defined reversal that occurs across sev-
eral samples with an onset at Sample 178-1096C-2H-1, 75-80 cm
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(169.25-169.30 mbsf), and a termination at Sample 2H-2, 35-85 cm
(167.35-167.85 m) (G. Acton, pers. comm., 1998). By comparison, the
base of Unit Il is at 173 mbsf.

Samples were taken from two levels at Site 1096. Six samples were
taken from Hole 1096B near the unique sand deposit. These included
the sand from the top of the bed and silts from the overlying sediments.
If this bed formed as a result of an impact tsunami, it was assumed that
meteoritic ejecta settling through the water column would be deposited
on the top of the sediment flow, as has been noted at Cretaceous/Ter-
tiary boundary sites with impact wave-triggered deposits along the Gulf
of Mexico (e.g., Smit, 1999). Another 85 samples were initially selected
from near the base of Unit II and below the short magnetic normal in-
terval in sediments from Holes 10968 and 1096C. These samples ranged
from Sample 178-1096B-19H-1, 50-51 cm (151.2 mbsf), to 24X-6, 16~
17 cm (191.32 mbsf). Of these samples, 48 were closely spaced (~10-cm
intervals) from 168.5 to 174.38 mbsf, thus extending from the mag-
netic reversal to below the base of Unit II. All these samples were ana-
lyzed for Ir concentration in hopes of finding an anomaly indicative of
impact ejecta.

ANALYTICAL PROCEDURES

Freeze-dried sediment samples, typically 0.5 to 1.0 g, were pulverized
in a high-purity alumina mortar. Powders weighing ~100 mg were sealed
in quartz-glass tubes and irradiated at the University of Missouri Re-
search Reactor Facility for 40 hr at a neutron flux of 5 x 10'* n/cm?/s.
Following irradiation, Ir was chemically purified using a procedure sim-
ilar to that described by Kyte et al. (1993) and counted on intrinsic Ge
detectors for up to 24 hr, beginning about 1 month following irradia-
tion.

RESULTS

This initial survey found that only one sample had anomalous levels
of Ir (Table T1). The other 90 samples had Ir levels ranging from 9 to 37
pg/g, average = 17 pg/g. Such low concentrations are probably reason-
able for rapidly accumulating terrigenous sediments. Sample 178-
1096C-2H-4, 50-51 cm (172.13 mbsf), was found to contain 88 pg/g, an
Ir concentration five times the background level. To test whether this
might be a meteoritic signal, two additional samples were taken at
172.10 and 172.15 mbsf, closely bracketing the anomalous sample.
These samples and another split of the sample from 172.13 mbsf were
irradiated and analyzed in a manner similar to the original batch. Un-
fortunately, the split of the anomalous sample from 172.13 mbsf was
spilled during chemical processing and the Ir value has not been repli-
cated. The two adjacent samples were found to have normal Ir concen-
trations of ~20 pg/g.

As a final check of the sample with anomalous Ir at 172.13 mbsf, the
remaining 3.2 g of material was wet sieved at 79 and 44 pm and these
fractions were examined microscopically. A similar procedure was ap-
plied to 2.9 g of sediment from a background sample from 172.28 mbsf.
In both samples, the >79-um fraction contained only a few rock and
mineral grains that were probably mostly quartz. No vesicular melt par-
ticles or impact spherules typical of the Eltanin impact debris (Kyte and

T1. Iridium concentrations, Site
1096, p. 6.
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Brownlee, 1985; Margolis et al., 1991) were identified. The >44-pum frac-
tions contained abundant felsic mineral grains (probably quartz and
feldspars) and pyrite. Both samples were quite similar, and neither con-
tained identifiable meteoritic impact debris. The normal Ir concentra-
tion in samples adjacent to the one at 172.13 mbsf and the absence of
particulate impact debris in that sample suggest that the Ir anomaly
may have been spurious, likely caused by contamination or a stray cos-
mic spherule.

CONCLUSION

There is no strong evidence supporting the existence of Eltanin im-
pact ejecta in sediments collected during ODP Leg 178.
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Table T1. Iridium concentrations in selected sediment samples, Site 1096.

Core, section, Depth Ir Core, section, Depth Ir
interval (cm) {mbsH  (pg/9) interval (cm) (mbsf)  (pg/g)
178-10968- 2H-3,75-76 17081 15
13H-2, 115-116 11095 24 2H-3,85-86 17091 14
13H-2,125.126 111.05 22 2H-3,95-96 17101 16
13H-2,130-131 111.10 28 2H-3,105-106 17111 15
13H-2,135-136 11115 27 2H:3,117-118 17123 13
13H-2, 140141 111.20 22 2H-3,125-126 17131 23
13H-2, 149150 111.29 10 2H.3,135-136 17141 15
19H-1,50.51  151.20 12 2H.3,145-146 17151 15
19H-3,80.81  154.50 14 2H-4, 5-6 17168 13
19H-5, 57-58  157.27 30 2H-4,1112 17174 23
20H-1,77-78  158.47 16 2H-4, 1516 17178 13
20H-3,46-47  161.16 9 2H-4,25-26 17188 15
20H-6,44-45  165.64 1 2H.4,35-36 17198 16
22%-1,1112 167.01 10 2H.4,45-46  172.08 10
23%-1,78.79 17478 12 2H.4,47.48 17210 19
23X-2,78.79 17631 10 2H-4,50-51. 17213 88
23%-3,78.79 17771 12 2H-4,52.53 17215 23
23%-4,78.79 17921 11 2H-4,55-56 17218 13
23X.5,57.58 18050 12 2H.4,65-66 17228 13
24%-1,17-18 18377 17 2H4,75.76 17238 16
24X-3,75.76  187.26 18 2H.4, 86.867 17249 15
24X-6,31.32 19132 12 2H-4,95.96 17258 13
178.1096C. 2H.4,105-106 172.68 16
2H1, 114115 168.14 15 24-4, 115116 17278 14
2H.4,117.118 17280 15
2H-1,133.134  168.33 13
Wz 2435 16874 14 2H-4,125-126 17288 17
23596  iesess 13 2H-4,135.136 17298 16
’ 2H.4, 145-146  173.08 13
2H-2,45-46 16895 17
2H-2,53-54  169.03 12 2H-5, 5-6 173.26 16
Mz eses 16915 1 2H:5,11-12 17332 18
d 2H.5,15-16  173.36 19
2H-2,75-76  169.25 12
Mz es0 18529 12 2H-5,25-26 17346 20
Wiz 8586 16938 11 2H.5,35-36  173.56 20
229596 16945 17 2H.S, 4546  173.66 22
2H-2,105-106  169.55 12 2H-5,53-54 17374 35
2H-2,117-118  169.67 14 2H-5,65-66  173.86 31
2H-2,125-126  169.75 14 H-5,75-76  173.96 39
2H-2,135-136  169.85 14 2H-5,85-86 17406 31
2H.2,145.146  169.95 10 2H-5,86-87 17407 28
M3 56 o1 13 2H.5,95-96 17416 36
Mi1213 17008 12 2H-5,105.106 174.26 20
H31516 17021 14 2H-5,117-118 17438 15
Hazs2 1703 14 2H6,11-12 17487 37
M3 3536 170 15 2H-6,54-55 17530 13
2H-3, 45-46 170.51 16 2H-6, 87-88 175.63 19
35455 17060 24 2H6,117-118 17593 12
W3 5556 17061 15 2H.7,16-17 17642 16
2H-3,65-66 17071 12



